By using the eigenvalues of th e Casimir operator for the gro up SU:" c heckin g parameters were obtained for 12 e lectrostatic interaction matrices of the co nfiguration (d + s) "p.
Introduction
The algebraic matrices of (d + s) lip comprise the electrostatic and spin-orbit interaction matrices of the configurations d"p, d" -ISp and d"-2 S 2 p, the matrices of the correction parameters representing two and three body interactions of the core d electrons, as well as the matrices of the interactions between configurations. The energy matrix (for a particular n) is then a linear combination of these matrices, the coefficients of which are parameters usually obtained empirically by fitting the experimental levels to the eigenvalues of the energy matrix. The following lists these parameters and gives their significance. 
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[Ill [1] [2] parameters of the exchange part of the d -p interaction G3 = 3/245G3 (dp) the parameter of the p-s interaction in the configuration dn-1sp correction parameters multiplying L 1 (L I + 1) , where L 1 is the angular momentum of the core of (d+s)"p, i.e., (d+s)" [4] [5] [6] correction parameters multiplying the seniority operator of Racah [2, 7] parameters of Trees multiplying the squared matrix of the interaction
H=R2(dd, ds)/35
parameter of the d"-1 s -d n -2 S2 interaction, defined the same as H parameter of the direct part of the dnp -d n -I sp interaction, j=W(dp, sp)/5 [8, 9] [ 10, 11] parameter of the direct part of the d" -lSp -d n -2 S 2 p interaction defined the same as J.
parameter of the exchange part of the d"p -d n -1 sp interaction, K=RI(dp, ps)/3 [10, 11] parameter of the exchange part of the dn -lsp-dn -2s2p interaction defined the same as K. parameter of the d n p-d n -2 s 2 p interaction G=R2(dd, ss)/5=R2(ds, sd)/5=G2(ds)/5=G~s [2] parameters of the spin-orbit interaction of the d electrons [2] parameters of the spin-orbit interaction of the p electron [2] checking parameters multiplying L (L + 1), where L is the net angular momentum for a particular term of (d + s) n p checking parameters multiplying 5(5+ 1) -51 (51 + 1), where 5 is the net spin of (d+s)"p and 51 is the net spin of (d+s)".
The algebraic matrices of (d + s) "p were constructed and checked by the author with the purpose of using them to explain and predict the spectra of the configurations (3d + 4s )n4p in neutral and singly ionized atoms of the iron group. The problem of constructing the matrices was considered previously, [11] [12] [13] . The purpose of the present paper is to describe a principal check for the algebraic matrices. The checked matrices of the configurations (d + s) np , for all permissible n, are available and can be obtained by request.
All checks are based upon the construction of such combinations of algebraic matrices so that the eigenvalues of the resulting matrix may be predicted theoretically. If we know the values of the parameters required in order to form the desired linear combinations, then we insert these values as coefficients multiplying the algebraic matrices found on tape, and diagonalize the resulting matrix. If the obtained eigenvalues differ from those predicted theoretically then it is usually not too difficult to find the reason for the discrepancy because in a particular check only a few of the algebraic matrices are utilized.
Predicted Eigenvalues and Their Multiplicities
As explained by Elliott [14] the eigenfunctions of a single particle which may be either in a d shell or an s shell can be considered as the basis of the representation (200) of the three dimensional unitary group U3• The eigenfunctions of a system of n such particles may be classified according to the irreducible representations of U3 which appear in the reduction of the nth power of the representation (200). The electron p can be considered as belonging to (100). We write these representations as (p, q, r) where p, q, r represent the lengths of the rows of the Young's tableau and p ~ q ~ r.' For (d+ s)", p+ q+ r equals 2n, whereas for (d+ s)np, p + q+ r equals 2n+ l.
The representations of U3 which differ only by a number of columns of three blocks are equivalent representations of 5U3• Since R3 , whose representation is characterized by L is a subgroup of 5U3 , we can always subtract r blocks from each row. The separation of the states belonging to the different representations may be made by an interaction whose eigenvalues are proportional to the Casimir operator of the group 5U3• If these eigenvalues are given by g(p, q, r) we have the relati onship
Explicitly we have, [15] 
The relationship (1) can also be checked directly from (2) . From Hamermesh [16] , we obtain the rules of multiplying the Young's tableaux. From a paper by Racah [17] it is possible to obtain the values of L which appear in each tableau. Table 1 gives the values of L and the value of 2g for each particular tableau. In order to obtain the tableaux of (d+s)n, we consider two groups of electrons. Let the first group be of (d + s )x, with all the electrons having ms equal to 1/2 and thus Ms equals x/2. Let the second group be of (d+s)n-x with all the electrons having ms equal to -1/2 and thus Ms equals -(n-x)/2. In each group we use Pauli's principle by taking the tableau(x) of maximal spin. Between the two groups Pauli's principle does not apply since they have different ms. By multiplying the tableaux we get all the terms of (d + s) It, with Ms being equal to (2x -n) /2 and 5 taking on the values between n/2 and 12x -n I /2.
We now give the tableaux for (d+s)n, and (d+s)np, where n";; 6. The superscript on each tableau indicates the spin. Thus, the tableau of (d + s) is written as 2(200).
In order to obtain the tableaux of (d+s)p, it is necessary to multiply the above tableau by 2(100). Then, (d + s) p is given by To obtain the tableaux of (d+S)4 we multiply (310) by (310). We note that in order to get only the triplets and quintets of (d+s)4, we can multiply (411) + (330), which are of highest spin in (d+S)3, by (200). The latter multiplication is useful in helping to identify the spins of the various tableaux obtained by the multiplication of (310) To obtain the tableaux of (d+S) Tables 2-7 give the expected eigenvalues and their multipli cities for all terms of (d + S)l1 p , where n ~ 6. 
The Parameters of the Casimir Check
Following Racah [18] , we define the tensor operator U(k) by
where i refers to the ith of n electrons.
The group S U2l+1 is formed by the 4l (l + 1) tensor operators U~k) where -k "-S q "-S k and 1 "-S k "-S 2l. Thus the group SU3 is formed by the eight operators U~l, U~l) , U~l) , U<':J, U<':~, U~2), U~2), and U~2). From equation (5-48) of Judd [19J, we have for the Casimir operator of SU3
From the above expression we can immediately obtain which parameters enter the Casimir check. From equation (103) of Racah [18] , the first contribution is proportional to L (L + 1), and thus the parameter A must be included. The second term is a constant and is responsible for an additive term for each electron of a given l. The last contribution is a sum of products of tensors of second order and therefore only Slater parameters with k equal to 2 enter the Casimir check. These are F 2 (dd) or B, F2(dp) , C~s' H, and J.
If Es, Ep , and Ed are the additive constants for the electrons s, p, and d respectively, then from 
2S =Es=20 2P=Ep +2A=8
2D =Ed +6A= 20.
As the parameters A and C do not enter the Casimir check we have from (78) RII [l], the tableaux of (d + s)2 and table 1, Solving (7), (8), and (9) 
(ll )
From (78) RII [1] and p. 197, [3] Then, from (4), (10) , and (13), we have ds ID=48
Now, the interaction between d 21 D and ds ID is given by -2V35 H, [20] .
Then from (16) and (17), the eigenvalues of the matrix for ID are
Since, from the tableaux of (d+S)2, and table 1, these eigenvalues should equal 20 and 56, H is given by H= V40/5. (18) The parameter C is the same as the parameter Cds [2] , and thus should also have a value equal to 8. This result can be checked in the following manner.
Using (78) RII and the tableaux of (d + s) 2 we have 
From p. 200 TAS, the tableau for dp IF and table 1, we have dp IF=Ed + Ep+ 2F2 + 121..=36.
By using (10) and ( By (7) Ref.
[ll], the interaction between dp Ip and sp Ip is given by -(J + K) ~.
As K is a Slater parameter with k equal to 1 it does not enter the Casimir check. Then from (24) and (25), the eigenvalues of Ip are given by
Since the predicted eigenvalues are 18 and 36, we obtain j = 2 m.
If we now consider (d + s) lip we have
In the configuration d ll -2 S 2 p we mu st also take into account the exchange interaction between the electrons d and s which is given by -(n -2)C;ls' [11] . This is a constant for each term of d n -2 S 2 p and thus the matrix multiplying C;/s is not put on tape, but must be add ed to the height of the configuration. Thus ,
Thus, we have th e following parameters for the Casimir check of (d + s)":
The other parameters equal zero.
A= lln+5

5'=9
5"=34-8n
If we take into consideration only the parameters which enter the Casimir check, we have from eqs (1) and (2) p. 296 TAS and eqs (11) and (12) By eq (9) p. 182, TAS, the above expression reduces to -(2/7)P (d,d) which equals -14B here. Since the matrices of B for d 6 p which we used are the same as those of d 4 p, the above contribution must be incorporated into the height of the configuration d 6 p.
The Casimir Check for {d + s)"p, n > 6
The configuration (d+ s)12 consists of the single term dlOS 2 IS. In this case p + q + r equals 24, and thus the Young's tableau for (d+S)12 must be (8,8 , 8 8 -p) since in (p, q, r), r has the smallest number of blocks so that (8 -r) has the largest number. The configuration (d+S)6 is self-complementary. For (d+s)np, the p electron is then added to any row as long as p ~ q ~ r.
In Ref. [11] it was shown that for n > 6, it is only necessary to calculate the matrices of the parameters G;, G~, K, and K'. However, none of t~se parameters enter the Casimir check and thus we only need this check for n ~ 6. It is, nevertheless, instructive to obtain the Young's tableaux for at least one case when n >6. Thus, we consider the configuration (d+S)IOp. Since the tableaux of (d+S)2 are 1(40) + 1(22) + 3(31), the tableaux of (d+s)1° are 1(884) + 1(866)+ 3(875).
We note that the expected eigenvalues are the same as those of (d+S)2. This is generally true because the only difference between (d+s)" and (d+s)12-n is a change in sign of the matrices of H, for n even. However, changing the sign of all the matrix elements of the interactions d n -d n -1 s, and dn-ls-dn-2s2 is equivalent to changing the sign of the rows and columns of dn-Is . This transformation evidently does not change the eigenvalues. That the eigenvalues of the Casimir check for the configurations (d+s)" and (d+s)12-n are the same can also be seen from (2), as generally g (p, q, r)=g(a-r, a-q, a-p) .
Thus, specifically, for (d+s)" and (d+s)12 -n g(p, q, r)=g (8-r , 8-q, 8-p) .
However, the tableaux of (d + s) lOp are
We note that the expected eigenvalues differ from those of (d+S)2p. This is because when going from (d + s) np to (d + s) 12-"p the matrices of the parameters F2, F~, and F; change sign. This change in sign affects the diagonal elements also and is sufficient to cause the eigenvalues to change.
